Trauma triggers diffuse apoptotic neurodegeneration in the developing rat brain. To explore the pathogenesis of this phenomenon we investigated the involvement of three possible mechanisms: death receptor activation, activation of the intrinsic apoptotic pathway by cytochrome c release into the cytoplasm, and changes in trophic support provided by endogenous neurotrophins. We detected a decrease in the expression of bcl-2 and bcl-x L , two antiapoptotic proteins that decrease mitochondrial membrane permeability, an increase in cytochrome c immunoreactivity in the cytosolic fraction, and an activation of caspase-9 in brain regions which show apoptotic neurodegeneration following percussion brain trauma in 7-day-old rats. Increase in the expression of the death receptor Fas was revealed by RT-PCR analysis, Western blotting, and immunohistochemistry, as was activation of caspase-8 in cortex and thalamus. Apoptotic neurodegeneration was accompanied by an increase in the expression of BDNF and NT-3 in vulnerable brain regions. The pancaspase inhibitor z-VAD.FMK ameliorated apoptotic neurodegeneration with a therapeutic time window of up to 8 h after trauma. These findings suggest involvement of intrinsic and extrinsic apoptotic pathways in neurodegeneration following trauma to the developing rat brain. Upregulation of neurotrophin expression may represent an endogenous mechanism that limits this apoptotic process. © 2002 Elsevier Science (USA)
INTRODUCTION
Traumatic brain injury is a major cause of morbidity in the pediatric population, with a high socioeconomic impact (Goldstein, 1990) . Children under 6 years of age show the highest prevalence of brain trauma and the worst clinical outcomes (Koskiniemi et al., 1995; Diamond, 1996; Adelson & Kochanek, 1998) .
Two types of neurodegeneration can be triggered by trauma in the developing brain, excitotoxic and apoptotic. Whereas excitotoxic death shows a rapid time course, apoptosis occurs in a delayed fashion and affects brain areas distant from the site of primary impact (Pohl et al., 1999) . The magnitude of the apoptotic response to trauma is age dependent. In the young, most vulnerable age groups, this form of cell death decidedly determines the neuropathologic outcome (Bittigau et al., 1999) .
Apoptosis can be initiated by diverse signals and executed via different biochemical pathways (Hengartner, 2000) . Triggers include growth factor deprivation, DNA damage, cytokine production, and activation of death receptors, as well as release of cytochrome c from the mitochondria into the cytoplasm. Although biochemical pathways differ considerably, they all converge upon activation of effector caspases (Krammer, 2000; Meier et al., 2000; Nicholson, 2000; Rich et al., 2000; Savill & Fadok, 2000; Yuan & Yankner, 2000) .
An intrinsic and an extrinsic apoptotic pathway have been defined, the first initiated by release of cytochrome c into the cytoplasm and the second by 
